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INTRODUCTION
During the last ten years ceramists, metallurgists,
and solid state physicists have studied the mechanical pro
perties of single crystals of ceramics in the same detail
that they study single crystals of metals.

The atomic pro

cesses of the deformation and fracture of these ceramic
crystals must be understood before the improvement of
existing materials or the development of new ones can be
undertaken in an orderly and scientific manner.

Most of

this single crystal work has been done at room temperature
and only magnesia and alumina have been studied in any detail
at high temperatures.

Of these two materials, magnesia 1-5

Day, R.B. and Stokes, R.J., "Mechanical Behavior of
Magnesium Oxide at High Temperatures." Journal of the
American Ceramic Society, XLVII (October 1964), 493-503.
2

Hulse, C.O., Copley, S.M. and Pask, J.A., "Effect of
Crystal Orientation on Plastic Deformation of Magnesium
Oxide." Journal of the American Ceramic Society, XLVI
(July 1963), 317-23.
3
Copley, S.M. and Pask, J.A., "Plastic Deformation
of MgO Single Crystals up to 1600°C. 11 Journal of the
American Ceramic Society, XLVIII (March 1965), 139-46.
4
Day, R.B. and Stokes, R.J., "Grain Boundaries and
the Mechanical Behavior of Magnesium Oxide." Materials
Science Research, III (1966), 355-86.
5
Day, R.B. and Stokes, R.J., "Effect of Crystal
Orientation on the Mechanical Behavior of Magnesium Oxide
at High Temperatures." Journal of the American Ceramic
Society, XLIX (February 1966), 72-80.
1
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has been studied the most extensively, and its behavior at
high temperatures has been well categorized.
These investigations showed that at high temperatures
magnesia behaved like a ductile metal and that its high
temperature mechanical properties were controlled by the
number of active slip systems and the interactions of the
glissile dislocations.

Dislocation reactions, polygoniza-

tion, and recrystallization play a prominent role in these
high temperature processes in magnesia.

Since magnesium

oxide is an important high temperature structural material
the desirability of investigating another material with the
same crystal structure as magnesia is evident.

The compar

ison with magnesium oxide should yield considerable insight
into the high temperature behavior of ionic crystals.
Lithium fluoride has the same sodium chloride type
structure as magnesium oxide.

It melts at a lower temper

ature (870°C) than magnesium oxide (2800°C), and for this
reason comparisons of the two materials were made at
equivalent fractions of their melting points.

Lithium

fluoride has a much lower ionic polarizability than
magnesium oxide.

Several investigators

1-2

have shown that

^Huntington, H.B., Dickey, J.E. and Thompson, R.,
"Dislocation Energies in NaCl." Physical Review. C
(November 1955), 1118-9.
2 .

Gilman, J,J., "Plastic Anisotropy of LiF and other
Rock Salt Type Crystals." ACTA Metallurqica. VII
(September 1959), 609-10.
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a high ionic polarizability favors slip on a number of
crystallographic planes.

The low polarizability of lithium

fluoride should profoundly effect the high temperature duc
tility, strain hardening, and modes of deformation.

This

difference in ionic polarizability further enhances the
value of lithium fluoride as an analog material.
This thesis describes the high temperature deformation
of lithium fluoride single crystals and compares the results
with previously obtained data on magnesium oxide single
crystals.

All comparison, between the two materials are

made at the same fractions of the absolute melting points.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

E X P E R IM E N T A L

PROCEDURE

The tensile behavior of lithium fluoride single
crystals with O-OO) tensile axis was determined over the
temperature range 300° to 700°C.

Single crystals of

lithium fluoride obtained from the Harshaw Chemical
Corporation were cleaved into square rods.

The ends of

the rods were covered with rubber tubing and the samples
were chemically polished in concentrated orthophosphoric
acid to remove the surface damage incurred during cleaving.
After polishing the samples had reduced gage lengths one
inch long and about 0.01 sq. in. in cross-section.

The

samples Were fastened in steel grips with Sauereisen
cement, inserted into a nichrome resistance furnace,
and pulled in a Tinius Olsen machine at a cross-head
speed of 0.05 inches per minute (i.e. an initial strain
rate of 8 x 10 -4 sec -1 ).

The samples showed no weight

loss or thermal erosion during the high temperature tests
which sometimes lasted several hours.
Gilmans etching solutions and techniques'*' were used
to develop the etch pit patterns in these samples.

These

techniques are described in detail in the Appendix.

^"Gilman, J.J. and Johnston, W.G. , "The Origin and
Growth of Glide Bands in Lithium Fluoride Crystals."
Edited by Fisher, J.C. , Johnston, W.G., Thompson, R. and
Vreeland, T., Jr., Dislocations and Mechanical Properties
of Crystals. New York: John Wiley and Sons, Inc., 1957.
Pp. 116-36.
4
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E X P E R IM E N T A L R E S U L T S

The (llO.) crystallographic direction was the slip
direction in lithium fluoride at all temperatures
tested.

The inability of macroscopic amounts of slip on

the various

(lio)

slip systems to interpenetrate, reduced

the ductility and increased the ultimate strength at
elevated temperatures.

It also had a profound effect

on the modes of macroscopic deformation, the types of
substructure formed, and the shapes of the stressstrain curves.
Macroscopic Deformation
Because interpenetration of the various (110)
slip systems was so difficult, the deformation of
lithium fluoride during the final necking-down stages
of the tensile test could not be described and classified
as simply as magnesium oxide}

At the lower temperatures

(300° to 400°C) a limited amount of plastic deformation
preceded brittle fracture.

At 300°C the brittle frac

ture usually started at an anticlastic kink boundary.
Even at 700°C (0.85 T^

) the interpenetration of slip

on orthogonal slip systems did not occur freely, and
the interpenetration of slip on oblique slip planes was

^Day and Stokes, "Mechanical Behavior of Magnesium
Oxide at High Temperatures," op. cit., Pp. 494-99.
5
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even more difficult.

Because of this, plastic instabil

ity and a completely ductile fracture were never observed
in lithium fluoride as they were in magnesia single crys
tals at the higher temperatures.

All of the lithium fluor

ide tensile tests terminated in brittle cleavage fractures,
and above 400°C, recrystallization always occurred in the
area of final fracture.
Two-dimensional reduction in area of the lithium
fluoride single crystals was limited by this inability
of slip on oblique systems to interpenetrate easily, and
only at the highest testing temperature (700°C) was a
limited amount of two-dimensional reduction of area
found throughout the gage length.

This reduction in cross-

sectional area at 700°C was accompanied by the appearance
throughout the gage length of wavy glide lines on all
four faces of the sample.

The recrystallized areas near

the final fracture underwent a general reduction in cross
section.

The complex surface changes and substructures

observed in these areas of the samples could not be des
cribed by simple dislocation theory.

Figure 1 shows

the final fracture area of a sample pulled at 400°C.
A relatively simple type of one-t2imensional necking
was observed in these samples above 500°C.

Whole blocks

of material in the test section slipped or "slid off"
relative to each other along flio} planes.

This sliding

off or macroscopic "simple shear" was most striking in

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

Fig. 1. Sample pulled in tension at 400®C showing
final fracture area.
(Xll.)
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the 600° and 700°C samples.

The samples started to neck

down one-dimensionally and approach a chisel-like con
figuration.

Figures 2 and 3, illustrate this "sliding

off" type of failure at 600° and 700°CJ respectively.
During the final stages of the "sliding off" the build
up of polygonized dislocation arrays in the one-dimension
ally reduced areas changed this relatively simple mode
of deformation.

Some two-dimensional reduction of area

and recrystallization of the reduced section occurred
before the final brittle fracture.
Kink Formation and Wavy Glide
Two different kinds of kinking were observed in
these lithium fluoride samples and are shown schemati
cally in Figure 4.

Figure 4a shows the simple type of

kinking that can arise from the elastic interactions
of edge dislocations with the same slip vector moving
on a set of parallel slip planes.

This type of kinking

is most commonly associated with the bending of single
crystals.

The kinks at the intersections of areas of

non-interpenetrating orthogonal slip as shown in Figure
4b, are formed of this type of dislocation array.

These

kinks were quite prominent in the 600° and 700°C tensile
tests.

Although a small amount of interpenetrating slip

on orthogonal systems could occur in the early stages
of the tensile tests^ the formation of these kinks at

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

Fig. 2. "Sliding off" type of failure in a sample
pulled at 600°C.
(X7.5.)
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Fig. 3.
MSliding off" type of failure in a sample
pulled at 700®C.
(X7.5.)

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 4a. Sketch showing simple type of kinking that can
arise from the elastic interactions of edge dislocations
with the same slip vector moving on a set of parallel
slip planes.
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Fig. 4b.
Sketch showing kink at the intersection of areas
of non-interpenetrating orthogonal slip.
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temperatures as high as 700°C, as shown in Figure 5,
clearly shows that after a few percent elongation, the
dislocations in one slip band formed a formidable
obstacle for dislocations of a different slip system.
These obstacles prevented macroscopic interpenetrating
slip between the two systems.
A different type of kinking called "anticlastic"
kinking’'' can occur in ionic crystals when the restraints
of the loading cause intersecting slip on oblique slip
systems.

When intersecting slip occurs in lithium

fluoride between two slip systems that make 60° angles
(or 120°) to each other, the following dislocation
reaction can occur:

\

§(110) +f(0ll) -----§(101)
This dislocation reaction occurs with a large decrease
in strain energy and should occur spontaneously.

The

resultant dislocation is a pure edge dislocation, lies
in a [112] plane, and at low temperatures should be a
sessile dislocation.

Either these sessile edge disloca

tions are formed in vertical arrays (Figure 6) by a
polygonization process, or they arrange themselves in
the simple vertical arrays that form the longitudinal

’'"Stokes, R.J. , Johnston, T.L. and Li, C.H., "Kinking
and the Fracture of Ionic Solids." Journal of Applied
Physics, XXXIII (January 1962), 63-5.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 5. Sample pulled at 700ftC showing noninterpenetrating
slip on orthogonal slip systems.
(X14,)

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

15
Fig. 6.1 interaction of dislocations on 60° systems.
(A) Dislocations E.S, and E-S* interact to produce a sessile
dislocation E3 along <lll>, and (B) wall of sessile edge
dislocations cL forming a kink boundary lying in the
(110) plane parallel to tensile axis, c.

(A)

(B)
{001]

cr

Day and Stokes, "Mechanical Behavior of Magnesium
Oxide at High Temperatures," op. cit., p. 501.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.
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kinks observed in these samples below 350°C.

This dislo

cation reaction and the formation of these anticlastic kinks
have been observed and described in a number of materials
with the sodium chloride structure.

1-2

Figure 7 shows a

kink in a sample deformed at 300°C,
Anticlastic kinking in lithium fluoride was quite
prominent at 300°C but was not observed above 350°C.

The

disappearance of anticlastic kinking coincided with the
appearance of coarse wavy glide lines on the surfaces of the
samples where dislocations with a screw configuration
emerged.

At temperatures above 350°C these coarse wavy

glide lines appeared prominently in all the samples tested.
Clearly above 350°C the existing stress concentrations around
microscopic restraints such as kinks were large enough to
allow dislocations with the screw configuration to move
macroscopic distances on close-packed planes other than the
{lioj planes.

Under these conditions the dislocation

reactions between oblique slip systems that result in the
formation of sessile dislocations probably take place over
a thicker interface between the regions of intersecting
slip, and sharp anticlastic kink boundaries are not formed;
or at these higher temperatures the reacting and the product

^loc. cit., p. 65.
2

•

"

Amelinckx, S. , "The Direct Observation of Dislocations. 11
Solid State Physics, Supplement 6 , New York: Academic Press,
1964. Pp. 298-301.
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Fig. 7.
(X25.)

Anticlastic kink in a sample pulled at 300°C.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.
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dislocations form hexagonal networks in which all of the
dislocations have the screw orientation.

These hexagonal

networks of screw dislocations have been observed in mag
nesium oxide1 which has the same crystal structure as lithium
fluoridej and they confirm the theoretical calculations 2
that show that hexagonal networks are a lower energy config
uration than kink boundaries.
Coarse wavy glide lines were observed on all of the
samples deformed above 350°C.

Above this temperature these

wavy glide lines were always observed on the "screw
emergent" surfaces of the tensile sample and were an
excellent indication of the slip vectors of the glissile
dislocations.

Figure 8 shows coarse wavy glide in a

600°C sample.

The absence of thermal erosion up to the

maximum testing temperature (700°C), enhanced the value
of the slip lines in determining the slip vectors of the
active dislocations.

The prominence of coarse wavy glide

in these samples showed that this macroscopic cross slip
of dislocations was an important mode of deformation in
regions containing dislocation barriers.

1Day and Stokes, "Grain Boundaries and the Mechanical
Behavior of Magnesium Oxide/1 op. cit. , pp. 363-66.
2

Amelmckx, op. cit.
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Fig. 8.
(X15.)

Coarse wavy glide in a sample deformed at 600°C.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.
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Deformation Bands in Regions of Single Slip
Deformation bands in regions of single slip were a
prominent form of polygonization observed in these samples.
The bands were composed of polygonized arrays of edge
dislocations that were roughly perpendicular to the active
slip direction.

As shown in Figure 9, dislocations with

opposite signs formed polygonized arrays at opposite sides
of each deformation band.

The lattice curvature caused by

these bands, although not as sharp as that caused by the
kinks at regions of orthogonal intersecting slip, gave
the same lattice rotations as would be caused by two simple
kinks of opposite signs.

Because of this, these deformation

bands could be regarded as double kinks.

Under a tensile

force, at elevated temperatures, a single kink or polygon
ized wall of edge dislocations should not be stable in the
absence of a bending moment, but would be stable if it was
opposed by a wall of dislocations of the other sign moving
in the opposite direction under the same tensile force.
This mutual attraction of dislocation walls of opposite sign
undoubtedly accounted for the formation and stability of
these deformation bands in regions of single slip.
The lateral displacement of the two ends of the tensile
sample due to the deformation bands was partially compen
sated for by the rotation of the lattice of the crystal with
respect to the tensile axis.

The material between the

deformation bands underwent more deformation than the

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

Fig. 9.

Sketch showing deformation bands.
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material in the deformation bands, and the lattice of the
material between the bands should have undergone the great
est rotation with respect to the tensile axis.

Lateral

displacement of the ends of the tensile sample also
accompanied the formation of kinks at regions of inter
secting orthogonal slip.

The lateral displacements of the

ends of the tensile samples accompanying all of these
modes of deformation, combined to satisfy the restraints
of the tensile machine on the sample during the tests.
The first indications of the formation of these defor
mation bands were noted in the 300°C tensile samples when
the microscopic examination of etch pits showed a few
polygonized arrays of dislocations at about thirty degrees
to the tensile axis on the edge dislocation emergent side
of the crystal.

The deformation bands or double kinks were

most prominent at 500°C and at this temperature they were
the dominant form of polygonization.

Figures 10, 11, 12

and 13 show deformation bands in a sample elongated
45 percent at 500°C.

The bands are roughly parallel to

£110} planes and are spaced about 2.0 mm. apart.

The

spacing between deformation bands appear to be governed by
the width of the deformation bands and the width of the
sample.

The bands appeared to be spaced so that slip on

any one of the parallel active slip planes intersected only
one or two bands.

Figure 14 shows this arrangement of

deformation bands, and when this sketch is compared with

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.
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Pig. 10. Parallel deformation bands in a sample pulled
at 500°C.
(Edge dislocation emergent surface.)
(X12.)
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Pig. 11. Parallel deformation bands in a sample pulled
(X12.)
at 500 °C. (Screw dislocation emergent surface.)

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.
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Fig. 12. Deformation band on edge dislocation emergent
surface on sample deformed at 500®C.
(X125.)
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Fig. 13. Deformation band on screw dislocation emergent
surface on sample deformed at 500®C.
(X150.)
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Figure 10, it can be seen how a region of single slip was
divided into uniformly sized sub-grains by these bands.
The deformation bands or double kinks were not as
prominent at 700°C.

At 700°C polygonized arrays of dislo

cations were observed in the regions where the simple slid
ing off or one-dimensional necking had occurred.

These

arrays on the edge dislocation emergent surfaces of the
samples were approximately perpendicular to the active slip
direction but were narrower than the deformation bands
formed at 500°C.

The abrupt change in lattice rotation

along these polygonized arrays implies a simple kink wall
formed when the restraints of the tensile grips created a
bending moment in this part of the gage length.

The absence

of double kink walls at 700°C suggests that at these tempertures double kinks are not stable but under the tensile
load they can interpenetrate and annihilate each other.
Stress-Strain Curves
The true-stress true-strain curves of the lithium
fluoride tensile samples are given in Figure 15.

The

300° and 350°C samples macroscopically yielded at about
1700 psi and 1300 psi, respectively, and showed a high rate
of strain hardening to a final fracture stress near 2700
psi.

At 400°C the samples macroscopically yielded at a

slightly lower stress, 1100 psi* but strain hardened to
about the same maximum fracture stress.

The shape of the

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.
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stress-strain curves of the 400°C samples, suggests the onset
of plastic instability.

The 400°C samples underwent about

twice the amount of plastic deformation as the 350°C samples.
The stress-strain curves of the 500°, 600°, and 700°C tensile
samples all had the same general shape.

After macroscopic

yielding an extended period of easy glide was followed by
strain hardening to a maximum tensile strength and then
necking down to final fracture.

On going from 500° to 600°

to 700°C the initial yield stress decreased from 700 psi
to 300 psi to 200 psi.
The continuous drop of the initial yield stress from
1700 psi to 250 psi as the testing temperature was raised
from 300° to 700°C, shows the temperature dependence of the
yield stress for easy glide.

The extended periods of easy

glide observed in the 500°C to 700°C samples is due to the
increased mobility of the dislocations, since at these
temperatures it is assumed that point defects can diffuse
so rapidly that the dislocations can more easily climb
around obstacles.

The work hardening that follows the ex

tended periods of easy glide in these samples is believed
due to the interaction of the slip dislocations with the
polygonized arrays of dislocations that eventually formed.
The length of the period of easy glide depended on how rap
idly these polygonized arrays formed.

At 300° and 400°C

the period of easy glide was not long enough to be accurately
measured with our experimental techniques and the high strain
rates used.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout p erm ission .
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At 300° and 350°C the anticlastic kinks at regions
of 60° intersecting slip, deformation bands (double kinks)
within regions of single slip, and simple kinks at regions
of orthogonal intersecting slip were the polygonization
arrays that served as slip barriers in the strain hardening
process.

Although anticlastic kinks were not observed above

350°C, the dislocation networks resulting from 60° inter
secting slip (already discussed in the section on anticlas
tic kinking) served as an effective barrier to 50° inter
secting slip.

The deformation bands or double kinks

appeared to be the dominant form of slip barrier at 500°C
within a region of single slip, while at 700°C narrower
bands of polygonized dislocations, which were assumed to
be single kinks that formed in regions of single slip,
were more common.
The negligible drop in the ultimate tensile strength
of lithium fluoride developed, on going from 300° to 500°C,
is attributed to the inability of macroscopic amounts of
slip on one system to interpenetrate slip on another system
at these temperatures.

The drop in the ultimate tensile

strength at 600°C is attributed to a greater amount of inter
penetrating slip on orthogonal systems that could take place
at this temperature, and to the fact that this interpenetra
ting orthogonal slip in itself did not form polygonized arrays
that seriously inhibited further slip.

The increase in

ultimate tensile strength on going from 600° to 700°C is

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.
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attributed to limited amounts of interpenetrating slip on
oblique slip systems and the resulting formations of dislo
cation networks containing sessile dislocations.

It is

believed that these dislocation arrays were a greater barrier
to dislocation motion.
This ability of limited amounts of slip on oblique
systems to interpenetrate at 700°C was shown by wavy glide
lines covering all four surfaces of the sample pulled at
700°C.

The dislocation networks resulting from these

oblique dislocation intersections are believed to be the
dislocation obstacles responsible for the increase in strain
hardening and tensile strength on going from 600° to 700°C.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.
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Ionic Polarizability
The lower ionic polarizability of the lithium fluoride
restricted the number of active slip planes and made cross
slipping more difficult.

Hulse'*" et. al. , have shown that

in magnesia the critical resolved shear stress for slip
on the £l00^ and £lll3 planes decreased more rapidly with
increasing temperature than the critical resolved shear
stress for slip on the £llo3 planes.

Extrapolating their

data several hundred degrees suggests that at 1600°C
(0.6 Tm.p. ) slip
facility
c should occur with equal
-a.
J on the
£l00j

and £lll3 planes.

Considering the behavior

of magnesium oxide at high temperature it was anticipated
that the low ionic polarizability of lithium fluoride would
have a greater effect on the low temperature mechanical
properties than on those at the higher temperatures.
Since both materials also have the same sodium-chloride
type crystal structure and the same (110^ £llo3
systems the extreme difference in the high temperature
mechanical behavior of the two materials was surprising.

Hulse, Copley and Pask, "Effect of Crystal Orienta
tion on Plastic Deformation of Magnesium Oxide," op. cit.,
Pp. 320-22.
33
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The writer does not believe that this difference in
high temperature mechanical behavior between magnesia and
lithium fluoride can be attributed to differences in
impurity level or small amounts of inadvertently added
alloying elements.

. 1-3
Past work on magnesia
has shown

that at high strain rates the high temperature tensile
properties of single crystals are insensitive to minor
amounts of impurities.

Changing vendors or using magnesia

crystals from different melts had no appreciable effect
on the tensile data at reasonably high strain rates.

It

was only when large amounts of alloying elements were
4
deliberately added to the magnesia that appreciable changes
were made in the high temperature behavior.

For these

reasons, the writer believes that this difference in high
temperature behavior is due primarily to the difference
in ionic polarizability and that this difference in ionic
polarizability controls the high temperature tensile
properties at temperatures approaching the melting point.

^"Day and Stokes, "Mechanical Behavior of Magnesium
Oxide at High Temperatures," op. cit. , Pp. 493-503.
2

Copley and Pask, "Plastic Deformation of MgO Single
Crystals up to 1600°C," op. cit., Pp. 139-46.
3
Day and Stokes, "Grain Boundaries and the Mechanical
Behavior of Magnesium Oxide," op. cit,, Pp. 355-86.
4
Day, R.B. and Stokes, R.J., "Plastic Softening of
Magnesium Oxide at High Temperatures by Nickel Oxide
Addition." Journal of the American Ceramic Society, L
(September 1967), 445-48.
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Wavy Glide
Coarse wavy glide was observed in magnesium oxide
single crystals^" pulled in tension at 1800°C (0.66 Tm
-2

at a high strain rate (6.7 x 10

sec

-1

)

) and was most

prominent in regions subjected to a local constraint such
as an anticlastic kink boundary.

However, it was never

observed at this temperature or higher temperatures when
the magnesia samples were pulled at lower strain rates
(6.7 x 10"4 sec-1 or 1.3 x 10-4 sec’"'*').

In this earlier

work it was thought that the appearance of these coarse
wavy glide lines indicated that at the test temperature
(1800°C, 0.66 T
) the critical resolved shear stress
m. p.
to initiate slip on a number of low indice planes, such as
the £l00j, |llo}, and £lll^ planes, was approximately
equal and macroscopic amounts of slip were occurring on
all of these planes.
It was assumed that the lower ionic polarizability
of lithium fluoride would suppress this wavy glide, and
that it would only be observed in lithium fluoride at higher
equivalent temperatures than it was observed at in magne
sium oxide.

The opposite effect was actually observed.

The first traces of macroscopic wavy glide were noted in
the samples deformed at 300*0 (0.5 Tm

) and wavy glide

^Day and Stokes, "Mechanical Behavior of Magnesium
Oxide at High Temperatures," op. cit., Pp. 499-503.
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was quite prominent in all the samples pulled at higher
temperatures.

The appearance of wavy glide in lithium flu

oride at such low temperatures suggests that the high
stress concentrations accompanying the formation

of dis

location pile ups are not relieved by microscopic cross
slip but instead cause the coarse wavy glide.

It there

fore seems unlikely that the relative values of the critical
resolved shear stresses on low indice planes can be deduced
from the observation of these wavy glide lines.
Deformation Bands
The double kinks or deformation bands were the most
distinctive type of polygonized dislocation array observed
in these samples.

As mentioned earlier the bands appeared

to be simple arrays of edge dislocations aligned roughly
perpendicular to the slip direction.

The stability of

these arrays was evidenced by the fact that they were most
prominent after large amounts of deformation and that they
clearly divided the tensile sample into subgrains of uni
form size.

Although primary deformation bands have been

observed in face-centered cubic metals

1-2

by a number of

^Sabol, G.P. and Robinson, .W.H. , "Forest Dislocations
in Silver Single Crystals." Philosophical Magazine, XVI
(August 1967), 419-23.
2

Livingston, J.D., "The Density and Distribution of
Dislocations in Deformed Copper Crystals." ACTA
Metallurqica, X (March 1962), 229-39.
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investigators, the bands were never as prominent as these
observed in lithium fluoride.
In face-centered cubic metals the bands formed during
the easy glide portion of the tensile test of single crys
tals and were most prominent after about one percent strain.
At higher strains these primary deformation bands merged
with the rest of the substructure that formed during the
later stages of the deformation and became part of the
cellular substructure of the cold-worked metal.

Sabol

and Robinson^" observed this glide polygonization in
single crystals of silicon and attributed it to the lattice
rotation necessary to accommodate the restraints of the
tensile grips.

They suggested that the bands might be

formed of dislocation dipoles aligned one above the other
on nearby glide planes.

Livingston

2

noted the accumula

tion of dislocations of one sign in areas of lattice curva
ture and their subsequent glide polygonization to form
deformation bands in single crystals of copper.

He

thought that during the tensile test these deformation
bands originated at subboundaries and areas of intersecting
slip between primary and secondary dislocations.
The dislocation pile ups which are believed to be
responsible for the formation of these polygonized dislo
cation arrays are caused by the low stacking fault energies

^Sabol and Robinson, op. cit. , Pp. 420-22..
2
Livingston, op. cit., P. 239.
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of the face-centered cubic metals.

The dislocations disso

ciate and form pile ups since they cannot cross glide.
An entirely different explanation should apply to an ionic
material like lithium fluoride which must have an exceedingly
high stacking fault energy since electron transmission
microscopy work on these ionic materials has never shown
the existence of stacking faults.

The existence of dislo

cation pile ups in lithium fluoride can most logically be
attributed to the low ionic polarization which prevents
slip on planes other than the

£llo}

planes and inhibits

cross slip.
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C O N C L U S IO N S

The high temperature tensile behavior of lithium
fluoride single crystals with 0-00) tensile axis have
been determined, and the results of these tests are compared
with earlier data'*' obtained on magnesium oxide single
crystals with the same orientation.
(1)

Interpenetration of £llo} (lio) slip systems does

not occur in lithium fluoride as readily as in magnesium
oxide.

Even at 700°C (0.85 Tm

) interpenetration of slip

on orthogonal systems does not occur readily and the
interpenetration of slip on oblique systems is even more
difficult.
(2)

In general this lack of interpenetration of slip

systems was responsible for the differences in macroscopic
deformation and the types of polygonized arrays observed
in magnesium oxide and lithium fluoride.
(3)

Plastic instability and a completely ductile

fracture did not occur in lithium fluoride in the temper
ature range 300° to 700°C (0.5 T
to 0. 85 T
).
m.p.
m.p.

In

magnesium oxide a completely ductile fracture was always
observed above 1300°C (0.55 T
).
m.p.'

■*"Day and Stokes, "Mechanical Behavior of Magnesium
Oxide at High Temperatures," op. cit., Pp. 493-503.
39
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(4)

Although the yield strength of the lithium

fluoride decreased steadily as the temperature went from
300° to 700°C, the ultimate tensile strength at 700°C was
almost the same as at 300°C.

This constancy in the

ultimate strength is primarily due to the lack of interpenetrability of the active slip systems which is believed
caused by the difficulty of dislocation climb.
(5)

The drop in ultimate tensile strength at 600°C

is attributed to interpenetration of microscopic amounts
of slip on both oblique and orthogonal systems.
(6)

The increase in ultimate strength on going from

600° to 700°C is thought to be due to the formation of
dislocation networks interpenetrating oblique dislocations.
These networks then act as barriers to the slip dislocations.
(7)

Primary deformation bands or double kink walls,

which were most prominent at 500°C, were the most unique
type of polygonization observed in these samples.
(8)

Coarse wavy glide was observed at lower strain

rates and lower equivalent temperatures in lithium fluoride
than in magnesium oxide.

Considering that the lower ionic

polarizability of lithium fluoride should make dislocation
climb more difficult, the writer does not understand why
coarse wavy glide is more prevalent in lithium fluoride
than in magnesium oxide.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

A P P E N D IX

To reveal dislocations, two etches were tried.

Etch

"A" attacks all dislocations equally well and was used most
frequently.

It consists of equal parts of concentrated HF

and glacial acetic acid plus one-volume percent of concen
trated HF saturated with FeF^.

After a 30 to 60 second

etch, with agitation, the sample is rinsed in absolute
alcohol and then in anhydrous ether.

The shape of the

etch pits and the etching rate depend on the ferric ion
concentration.
Etch "W", which was used only occasionally, is a dilute
-4
aqueous solution of FeF^ or FeCl^ (1.5 x 10
molar). If
the ferric ion concentration is low, a two minute etch in
this reagent produces large, shallow, and somewhat indis
tinct pits.

At the proper ferric ion concentration, a

two minute etch produces sharply defined square pyramidal
pits about 10|i in size.

Excess ferric ions reduce the

size of the pits, and make them rounded.

Etch "W" is used

with agitation, as is etch "A", and is followed by a rinse
in alcohol, then in ether.

41
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